Rationale: The efficacy of disease management programs in the treatment of patients with chronic obstructive pulmonary disease (COPD) remains uncertain.
Chronic obstructive pulmonary disease (COPD) is a common disorder that is associated with significant morbidity and mortality, poor health-related quality of life, and a heavy societal burden (1) (2) (3) . Patients with COPD have higher rates of health services use, including primary care consultations, visits to emergency departments, and hospital admissions for acute exacerbations (4) . COPD accounted for 3.5% of the total hospital admissions among Medicare beneficiaries in the United States, of whom 20% were readmitted within 30 days (5) . In Norway and Canada, hospital admissions account for about onehalf of the total COPD healthcare costs (6, 7) . COPD ranks third for direct attributable healthcare costs, after cancer and chronic kidney disease (8) .
Various nonpharmacological interventions aimed to improve prognosis, reduce hospital admissions, and improve health-related quality of life among ambulatory patients with COPD were tested. A systematic review of 26 randomized controlled trials showed that integrated disease management programs were associated with better disease-related quality of life and functional exercise capacity, and reduced the number of respiratory-related hospital admissions and in-hospital days for all causes among patients with COPD (9) . Nevertheless, another study showed that a comprehensive chronic care program for patients with COPD was associated with excess diseaserelated mortality and had a neutral effect on the number of hospital admissions (10) .
In most clinical trials, the efficacy of disease management interventions for ambulatory patients with COPD was tested against "usual care," which may vary considerably by the local healthcare setting (9) .
Care recommended for patients with stable COPD includes inhaled long-acting bronchodilators and corticosteroids, influenza vaccines, smoking cessation for patients who are active smokers, and pulmonary rehabilitation (11) . Pulmonary rehabilitation, although proven efficacious in decreasing the severity of disease-related symptoms and improving health-related quality of life (12) , is still not offered to many patients with COPD as a part of usual care.
We aimed to evaluate whether disease management delivered by trained nurses in addition to recommended care is more effective than recommended care alone in the treatment of ambulatory patients with COPD. The intervention was tested in Israel, a country that provides universal health insurance to all its residents, covering primary, secondary, and tertiary healthcare services, medications, and other healthcare technologies, and laboratory and imaging services.
Methods Study Design
In this multicenter, open-label randomized trial of parallel group design, we compared the efficacy of a comprehensive program that included recommended care plus disease management (study intervention) versus recommended care alone (control intervention) for the treatment of ambulatory patients with COPD ensured with Clalit Health Services, the largest health plan in Israel.
Potential candidates were identified on the basis of electronic patient records in the health plan database, using information on relevant ICD-9 (International Classification of Diseases, 9th revision)-coded chronic diagnoses and purchases of prescribed drugs (i.e., inhaled b 2 -adrenergic agonists, corticosteroids, or anticholinergic agents; and oral xanthines).
Eligibility screening was conducted in two designated community-based COPD centers, established for the purpose of the study, and included obtaining postbronchodilator spirometry results and medical history. COPD diagnosis was based on typical signs and symptoms, a history of exposure to cigarette smoking or occupational dust or chemicals, and objective evidence of airflow limitation (11) .
Patients were classified as having unstable disease if they had at least one hospital admission or at least two visits to an emergency room for respiratory symptoms within 12 months of recruitment. Otherwise, patients were considered as having stable disease.
Adult patients (age, >40 yr) with severe or very severe airflow limitation (Global Initiative for Chronic Obstructive Lung Disease [GOLD] classification 3 or 4 [11] ) were eligible. Patients with moderate airflow limitation (GOLD classification 2) were also eligible, if they had unstable disease, a history of current or past exposure to cigarette smoking, and no history of childhood-onset asthma.
Patients with permanent tracheostomy, heart failure with left ventricular ejection fraction less than 40%, severe comorbidity, significant functional or cognitive impairment, communication problems, or substance abuse, or patients who were participating in another trial, were excluded (for more information on the study protocol, see the online supplement).
Interventions
Recommended care. After baseline evaluation by pulmonologists, patients enrolled in both study arms received recommended care for ambulatory patients with COPD (11 Patients who were cigarette smokers were referred to smoking cessation group sessions and received prescriptions for smoking cessation medications. At enrollment, all patients received self-care education from the nurses at the COPD centers. Unless contraindicated, patients were also referred to supervised physical exercise sessions at the COPD center, twice per week, for a total period of 3 months per year, for the first 2 years. Patients who wished to extend their participation in the physical exercise sessions beyond 2 years were allowed to do so until the end of the study. Except for visits to the pulmonologists and medical therapy, all other activities were considered as components of pulmonary rehabilitation. The frequency of follow-up visits to the pulmonologist at the COPD center for patients assigned to the study intervention was determined according to each patient's needs, but was not less than once every 6 months. Patients assigned to the control intervention were referred to their consultant pulmonologist in the community. If a patient was not assigned to a consultant pulmonologist, a recommendation for referral was sent to the patient's primary practitioner. The frequency of visits to the consultant pulmonologist for these patients was determined according to the patients' needs. In addition, the pulmonologists at the COPD centers evaluated these patients every 6 months for the follow-up study assessments.
Disease management. Patients allocated to the recommended care plus disease management intervention were assigned to trained COPD nurses. These nurses had faceto-face sessions with the patients during their scheduled visits to the COPD center and maintained remote contacts with the patients between these visits. The number of remote sessions was individualized according to the patients' needs.
During these face-to-face and remote sessions, the nurses monitored disease signs and symptoms; provided advice in case of acute disease exacerbation, following designated protocols and pulmonologists' guidance; monitored and motivated patients' adherence to medical therapy, healthy lifestyle (e.g., smoking cessation), and other components of the treatment plan (e.g., participation in physical exercise sessions); and coordinated care vis-à-vis other healthcare professional caregivers. Where possible, nonprofessional caregivers (e.g., family members) were involved in the educational sessions for self-care delivered by the nurses (see also the online supplement). The disease management activities focused mainly on the patient's respiratory disease and did not routinely address the patient's comorbidities.
During off-hours, patients assigned to the disease management intervention were instructed to consult with an on-call disease management nurse in case of an acute change in their respiratory symptoms. They were also provided with a prescription for inhaled short-term bronchodilators, oral antibiotics, and steroids (e.g., "crisis medication pack"), and were instructed to take these drugs in such events.
All disease management activities were recorded and supervised by the nurse program director.
Measures taken to avoid contamination of the control intervention. Except for a single self-care education session delivered on enrollment, the contact between the nurses and patients assigned to the control intervention during their follow-up visits to the COPD centers did not include any component of disease management listed above.
Patients assigned to the control intervention were instructed to refer to their family physician for evaluation and treatment in the case of acute exacerbation of respiratory symptoms, and did not receive a "crisis medication pack" prescription.
Follow-up assessment visits, pulmonary rehabilitation sessions, and smoking cessation meetings were conducted on separate days according to the patients' assigned intervention.
Randomization. After completing eligibility and baseline assessment and providing signed informed consent, patients were randomly assigned either to the study intervention or to the control intervention, using a computerized randomization program with permuted-block design linked to the patients' electronic medical record. Randomization was done at a 1:1 ratio and stratified by the COPD center.
The study was approved by the Clalit Health Services and the Sheba Medical Center research ethics committees.
Study Assessments and Outcomes
Assessments, performed in the COPD centers at baseline and every 6 months thereafter, included obtaining patient history and patient-completed questionnaires, 6-minute-walk test results, and postbronchodilator spirometry results.
After randomization, the study personnel at the COPD centers were not blinded to the patients' assigned intervention during follow-up assessments.
The primary composite outcome was the time elapsed from enrollment until first hospital admission for acute exacerbation of COPD or until death from any cause. Secondary endpoints included the individual components of the primary composite outcome, the total number of hospital admissions and in-hospital days for COPD exacerbations, follow-up assessments of 6-minute-walk test, GOLD classification based on spirometry (11), health-related quality of life assessed with the 12-item Short-Form Health Survey (SF-12 [13] ), health status measured with the St. George's Respiratory Questionnaire (14) , depression symptoms assessed with the nine-item Patient Health Questionnaire (PHQ-9 [15] ) depression scale, post-bronchodilator FEV 1 and FEV 1 /FVC ratio, and severity of respiratory symptoms assessed with the Medical Research Council (MRC) dyspnea scale (16) . Patients were also instructed to keep a log documenting episodes of COPD exacerbations occurring between the 6-month visits to the COPD center, but their adherence to this request was low. Instead, information on acute exacerbations that did not end up in hospital admission during follow-up was derived from data on concomitant purchases of oral antibiotics and corticosteroids, recorded in the Clalit Health Services electronic database.
Information on hospital admissions and deaths during follow-up was obtained from the Clalit Health Services electronic database. Discharge summaries, available for 3,381 (98.4%) of 3,437 hospital admissions, were classified by two independent investigators, blinded to the patients' assigned intervention, as due either to COPD exacerbation or other causes. Disagreement between the investigators occurred for 368 (10.9%) of the hospital discharge summaries. These 368 summaries were classified by a third blinded investigator, with the final classification following the majority opinion.
Safety Committee
A safety committee monitored the cumulative event rates of hospital admissions and deaths from all causes ORIGINAL ARTICLE among the study participants, every 6 months. The committee members were not blinded to the participants' assigned intervention. The committee discussions were not disclosed to the investigators during the trial. Guided by a predefined level of statistical significance (17) , the mandate of the committee was to provide warning in the event of an excess in deaths or hospital admissions from all causes in the study intervention arm. In practice, no such excess was found and the study continued to its planned conclusion.
Sample Size Consideration
The study sample was chosen to detect an intervention effect of 30% reduction in the likelihood of hospital admission for COPD during the first 12 months (18, 19) . We assumed that 45% of patients in the control group would be hospitalized for COPD at least once in the first 12 months; that the mortality rate would be 12%, and that one-half of these deaths would not occur among patients admitted to the hospital for COPD (20) . Thus, the anticipated rate of the combined outcome in the control group would be 51% (i.e., 45% 1 0.5 3 12%). According to this assumption, a sample size of 1,200 (600 in each study arm) would provide 84% statistical power to detect an odds ratio (OR) of 0.7, using a two-sided 0.05 significance level. 
Statistical Analysis
The statistical analysis was performed according to a prespecified plan (see statistical analysis plan, in the online supplement). Unadjusted comparisons between the two treatment groups with respect to the primary composite outcome (time to first hospital admission for COPD or death from any cause) and its individual components were made using the log-rank statistic.
The Cox proportional hazards model was used to compare the two treatment groups with respect to the primary composite outcome, adjusted for baseline characteristics (sex, age, COPD center, GOLD classification, and smoking status at baseline). In supportive analyses, adjustment was also made for baseline variables that were significantly imbalanced between the treatment groups, that is, were significantly different at the 10% significance level.
Interactions between treatment group and baseline variables such as center, year of entry, GOLD classification, and smoking were tested, as prespecified in the statistical analysis plan. Also, the assumption of proportional hazards between the treatment groups was tested.
Hospital admission data summarized in 6-month subperiods were compared between treatments, using nonlinear mixed models that included a random subject intercept term. This adjusted for any correlation between the serial observations on each patient. A negative binomial distribution was assumed to account for the overdispersion often occurring in hospital admission frequencies (21) . These analyses were conducted using the NLMIXED procedure (SAS, version 9.4; SAS Institute), to compare between treatments the frequency of hospital admission and the days in hospital for COPD and for all causes. The comparisons were adjusted for sex, center, age, GOLD classification, year of entry, and time since entry. The last of these factors adjusted for the different lengths of follow-up due mostly to staggered entry. The treatment group coefficient in this model estimated the adjusted log rate ratio over a 6-month period.
Several other outcomes were dichotomized as attaining (or not) a clinically important change from baseline. These were defined as follows: for the physical and mental component summary scores of the SF-12, an increase of at least 2.5 points (22) ; for the summary score of St. George's Respiratory Questionnaire, a decrease of at least four points (23) ; for the MRC dyspnea scale, a decrease of at least one point (24) ; for the 6-minute-walk test, an increase of at least 50 m (24, 25) ; for moderate-to-severe depression symptoms, a PHQ-9 score equal to or exceeding 10 (14); and for FEV 1 , an increase of at least 100 ml and an increase of at least 5% from baseline (25) . These serial binary variables were analyzed using the same mixed-model approach as for hospital admissions, but using a logistic model. The treatment coefficient was the adjusted odds ratio of success.
All analyses were performed according to the intention-to-treat principle, at a critical two-sided significance level of 0.05.
Results
Participants were recruited between October 2009 and June 2012, and monitored until death or end of study (July 2014). The median time of follow-up was 3.0 years 
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(range, 0-4.7), and did not differ significantly between the study groups (see Table 2 ) (P = 0.50). Of 3,323 people screened for eligibility, 1,864 did not meet the inclusion criteria, 136 met one or more exclusion criteria, 131 refused participation, and 1,202 were randomly assigned either to recommended care plus disease management (n = 600) or to recommended care alone (n = 602). Ten participants did not receive the allocated intervention: three because of withdrawn consent and two because of the investigator's decision, and five participants died within 1 month of randomization. Forty-seven patients discontinued the intervention during follow-up: 23 because of withdrawn consent, 22 because of the investigator's decision, and two for other causes (Figure 1 ; see also the online supplement). All randomized patients were included in the analyses.
The mean age (SD) of participants was 67.5 (10.0) years, and 855 (71.1%) were men.
Current and past cigarette smoking was reported in 34% and 49% of the participants, respectively. Most patients (77%) had GOLD classification 3. At enrollment, 80% of the participants were receiving inhaled long-acting b 2 -adrenergic agonists or anticholinergic agents, and 76% were treated with inhaled corticosteroids. Patients assigned to recommended care plus disease management were, on average, 1.6 years younger than patients assigned to recommended care alone. Otherwise, the baseline characteristics of the patients were similar across the two intervention groups (Table 1) .
Endpoints
During 3,537 patient-years, there were 3,437 hospital admissions for any cause in 867 participants and 1,617 hospital admissions for COPD in 498 participants; and 163 participants died (Table 2) .
Primary Outcome and Its Components
The primary composite outcome, first hospital admission for COPD or death from any cause, occurred in 284 patients (47.2%) assigned to recommended care, and in 264 patients (44.0%) assigned to recommended care plus disease management. The median time to a primary outcome event was 1.0 (range, 0-4.0) years among patients assigned to the study intervention, and 1.1 (range, 0-4.1) years among patients assigned to the control intervention (hazard ratio [HR], 0.91; 95% confidence interval [CI], 0.77-1.08) ( Table 3 and Figure 2A ). Further adjustment for age, sex, study center, baseline GOLD classification, and smoking status did not show a statistically significant advantage of the study intervention over the control intervention: adjusted HR, 0.92; 95% CI, 0.77-1.08 (Table 3) .
Likewise, the study intervention was not found superior to the control intervention with respect to the individual components of the primary composite outcome, that is, time to first COPD hospital admission (adjusted HR, 0.93; 95% CI, 0.78-1.11) and time to death from all causes (adjusted HR, 0.82; 95% CI, 0.60-1.12) ( Table 3 and Figures 2B and 2C) .
None of the prespecified interactions tested were found statistically significant, with respect to the intervention effect on the primary outcome or its components. 
Secondary Outcomes
There were no significant differences between the two intervention groups with respect to the total number of hospital admissions and in-hospital days, either due to COPD or to any cause (Table 4) . Patients assigned to recommended care plus disease management were more likely to report clinically important improvement in their health status (measured with the St. George's Respiratory Questionnaire): adjusted OR, 1.32; 95% CI, 1.01-1.73; P = 0.046 (Table 5 ).
The two treatment groups did not significantly differ with respect to the likelihood of attaining clinically important changes in health-related quality of life, depression, 6-minute-walk test, FEV 1 , and severity of respiratory symptoms during follow-up (Table 5) . See also Table E1 in the online supplement.
Among patients who were active smokers at enrollment (n = 410), patients assigned to recommended care plus disease management were more likely than patients assigned to recommended care alone to report that they were no longer smoking cigarettes on their last follow-up visit (57 of 221 [25.8%] vs. 32 of 189 [16.9%], respectively; OR, 1.72; 95% CI, 1.05-2.82; P = 0.031) ( Table 5) .
The median (interquartile range) number of acute exacerbations of COPD that did not end with hospital admission did not differ significantly between the two treatment groups during follow-up; 2.9 (1.7-4.8) per year among patients assigned to disease management plus recommended care, versus 2.7 (1.5-4.4) per year among patients assigned to recommended care alone (P = 0.20). 
Process Variables
The mean (SD) number of remote contacts with a nurse for patients assigned to the study intervention was 9.1 (3.8) per year. The mean (SD) number of annual visits to a pulmonologists during the total followup period was 5.2 (4.2) for patients assigned to study intervention, and 3.8 (8.9) for patients assigned to the control intervention (P , 0.001). There was no significant difference in the mean number of visits to a primary practitioner between patients assigned to the study intervention and those assigned to the control intervention Table 2) .
The proportion of patients who attended the supervised physical activity sessions was larger in the study intervention group compared with the control group (71% vs. 53%, respectively), and the number of sessions attended was higher (P , 0.0001; Table 2 ).
Sixty-five percent of the patients assigned to the study intervention had at least one consultation with a dietitian, and 58.2% had at least one consultation with a social worker.
Discussion
In this randomized controlled trial, disease management added to recommended care (the study intervention) was not shown to be superior to recommended care alone (the control intervention) in the treatment of ambulatory patients with moderate to very severe COPD, with respect to the primary composite outcome, the time until first hospital admission for COPD or death from any cause, its individual components, or most of the secondary outcomes (e.g., total number of hospital admissions and inhospital days for respiratory symptoms, and clinically important change in health-related quality of life, depression, exercise capacity, and FEV 1 ). Patients assigned to the study intervention were more likely to report a clinically important improvement in disease status (measured with the St. George's Respiratory Questionnaire) than were patients assigned to the control intervention.
Disease management is a complex intervention. Typically, these programs include some or all of the following components: delivery of care by multidisciplinary teams, patient empowerment and self-care education, coordination of care, reorganization of care delivery systems, use of information systems, and reliance on evidence-based practices (26) . Some studies on disease management programs in the treatment of ambulatory patients with COPD were negative (10, 20) . Differences in the components included and in the implementation of the intervention may explain the inconsistent results. In some of the trials included in a systematic review (9) , interventions recommended as standard of care for patients with stable COPD (e.g., exercise, nutritional advice, Definition of abbreviations: CI = confidence interval; COPD = chronic obstructive pulmonary disease; GOLD = Global Initiative for Chronic Obstructive Lung Disease. *Rate ratios between the expected mean number of hospital admissions and in-hospital days among patients assigned to disease management and patients assigned to usual care were derived from negative binomial nonlinear mixed models, adjusted for study center, study period, year at recruitment, sex, baseline age, and GOLD classification. Definition of abbreviations: CI = confidence interval; GOLD = Global Initiative for Chronic Obstructive Lung Disease. *Unless otherwise specified, odds ratios are derived from nonlinear mixed models, adjusted for age, sex, study center, year at recruitment, study period, and the baseline value of the endpoint variable. † Measured with the nine-item Patient Health Questionnaire depression scale (PHQ-9). Odds ratios were calculated for PHQ-9 scores of 10 or more (signifying moderate to severe depression) during follow-up. ‡ Measured with the 12-item Short-Form Health Survey (SF-12). Odds ratios were calculated for an increase of at least 2.5 points in physical component summary and mental component summary scores.
x Measured with the St. George's Respiratory Questionnaire. Odds ratios were calculated for a decrease of at least four points in summary score.
ǁ
Measured with the Medical Research Council dyspnea scale. Odds ratios were calculated for a decrease of at least one point in summary score. ¶ Odds ratios were calculated for an increase of at least 50 m in 6-minute-walk distance. **An increase of at least 100 ml and an increase of at least 5% from the baseline value. † † Odds ratio derived from binary logistic model, adjusted for age, sex, study center, year at recruitment, and GOLD classification. and smoking cessation intervention [11] ) were included as part of the disease management intervention and were not offered to patients assigned to the control group. Variations in the study comparator intervention may also explain some of this inconsistency (9) .
In our study, the comparator intervention was care recommended for ambulatory patients with COPD, including follow-up by a pulmonologist, inhaled longacting bronchodilators and corticosteroids, guided physical exercise sessions, smoking cessation intervention, psychosocial support, and dietary advice when needed. This type of care may not reflect what was considered "usual care" in most clinical trials.
Smoking cessation is the only intervention that slows the accelerated rate of pulmonary function decline among patients with COPD (27) . Drug therapy combined with intensive behavioral treatment is the most effective intervention for achieving sustainable smoking cessation among these patients (28) . Many of the randomized controlled trials testing the efficacy of an integrated disease management program in patients with COPD included a smoking cessation intervention (9) . The change in smoking status during follow-up was not reported in some studies (19, (29) (30) (31) (32) , whereas others showed no effect on the smoking cessation rate (33) (34) (35) (36) . We found that patients assigned to the study intervention were about 70% more likely to report quitting smoking by the end of follow-up, compared with patients assigned to the control intervention. If proved consistent in further studies, this may be the most significant benefit gained from an integrated disease management intervention in the treatment of patients with COPD who have access to recommended care.
Our study has a few limitations. The evaluation of the intervention effect on smoking cessation was based on patients' reports and not on objective measurement (e.g., serum or urinary cotinine). Thus, we cannot exclude that reporting on smoking status at the end of the study differed by study intervention.
Despite using a computerized randomization protocol and maintaining strict allocation concealment, patients assigned to the study intervention group were, on average, 1.6 years younger than patients assigned to the control intervention. This age difference was not large, and was accounted for in the multivariable analyses.
The pulmonologists and nurses who were involved in follow-up assessments at the COPD centers were unmasked to the patients' assigned intervention. Efforts to minimize potential observer bias and contamination of the control intervention were therefore imbedded in the study design. Where relevant (e.g., 6-min-walk test, forms completed by the physician or nurse), the study assessments were conducted according to standard protocols and procedures. As aforementioned, we also took other measures to avoid contamination of the control intervention by assigning separate days for follow-up visits for study assessments, pulmonary rehabilitation, and smoking cessation sessions, according to the patient's assigned intervention.
Finally, recommended care may not represent usual care given to patients with COPD in various healthcare settings. Thus, we cannot rule out that the disease management intervention tested in this study would be efficacious for ambulatory patients with COPD who do not have access to all components of recommended care, including pulmonary rehabilitation.
This study, based on a large sample, long follow-up period, and near complete ascertainment of the main study endpoint, failed to demonstrate conclusively that disease management added to recommended care is superior to recommended care alone in reducing mortality and hospital admissions for respiratory symptoms, or improving exercise capacity, health-related quality of life, or depression among ambulatory patients with COPD. The effect of the intervention on smoking cessation should be confirmed in further studies. n Author disclosures are available with the text of this article at www.atsjournals.org.
